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ABSTRACT 
 
Hymenopteran parasitoid is one of the major insect component in the terrestrial ecosystems. A study was 
conducted to determine the diversity and abundance of hymenopteran parasitoids in a coastal and inland forest 
of Perhentian Island, Terengganu. Three Malaise traps were installed for each sampling points of the plot areas 
(i.e. coastal and inland forest). The insect samples were collected after seven days and brought to the laboratory 
for sorting, enumerating and identifying from order up to family level. The abundance of parasitoids collected 
was analyzed using T-test analysis and Kruskal-Wallis test whilst their diversity was analyzed using the Shannon-
Weiner Diversity Index (H’). A total of 25 hymenopteran parasitoids comprising of 10 families were identified. 
The most abundance families recorded was Braconidae with eight individuals followed by Ceraphronidae with 
six individuals whilst Figitidae, Scelionidae and Trichogrammatidae represented by two individuals, respectively. 
The diversity of Hymenopteran parasitoids in the coastal forest showed higher diversity value with H’=2.03 
than in the inland forest (H’=1.17). The abundance of Hymenopteran parasitoids individuals, however, was not 
significantly different (p > 0.05) between coastal forest and the inland forest plots. Overall, this study showed 
that the diversity of Hymenopteran parasitoids was higher in the coastal forest although the abundance was not 
obviously differed from the inland forest of Perhentian Island. For the future, vegetation species, distribution 
and abiotic factors can be taken into consideration in determining the diversity and abundance of Hymenopteran 
parasitoids in an island forest. 
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INTRODUCTION 
 
Parasitoids are the major components that can form up to 20 % of all insect species in many terrestrial 
ecosystems and important as a regulator of other insect populations (LaSalle & Gauld, 1991). The parasitoids 
are also one of the most important natural enemies’ groups living on the nectar of beneficial plants as food 
sources (Kamarudin & Wahid, 2010), while their life cycle depends on their choice hosts (Ahya Mahadi et al., 
2012). Mostly of the parasitoids are in the order of Hymenoptera which nearly 75% of species (Belshaw et al., 
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2003; Feener & Brown, 1997). Hymenopteran parasitoids are very rich in species and are important to maintain 
species diversity in other organisms (LaSalle & Gauld, 1991). Typically they laying their eggs on to or into the 
immature stages of other insects, the parasitoid Hymenoptera represent a single origin of the parasitoid life 
history, from which there have been later shifts to other life histories (Belshaw et al., 2003). Thus, studying the 
diversity and abundance of parasitoids in certain habitats such as rainforest can indicate the stability of the forest 
ecosystem because the existence of parasitoids depends on the existence of their hosts in the forest. 
 
The rainforest in Southeast Asia is the most biological dense areas among the worlds (Myers et al., 2000). 
Malaysia is one of the Southeast Asia countries that comprised about 20.62 million hectares of natural forests, 
covering 62.5% of the country's land area (Faridah Hanum, 2015). It estimates that more than half of the species 
of plants and animals in the world live in the tropical rainforests (Myers et al., 2000). Meanwhile, the largest 
abundant of animals on earth with two-thirds populations in the tropical rainforests are insects (Idris et al., 
2001b). Ecologically, insects are functionally important for forest ecosystems as pollinator, herbivores, 
decomposers, predators or parasitoids (Idris & Hasmawati, 2002). The small island located on the coast of 
Peninsular Malaysia is very heavily forested and may provide a very important ecological role (Cronk, 2001). 
The islands offer a place for endemic, endangered and migratory species as previously evident in the same 
forested islands in Southeast Asia (Turner et al., 2002). 
 
Perhentian Island is one of the most popular tourist sites of Terengganu in Peninsular Malaysia (Rahim & Lajin, 
2015) and gifted with high biodiversity of flora and fauna (Pesiu et al., 2017). However, these tourism activities 
may cause destruction of habitats flora and fauna in Perhentian Island. The destruction of natural habitats in 
the forests poses the biggest threat to insect communities especially Hymenopteran parasitoids due to their 
reproduction depends on other insects (Idris et al., 2001a). Therefore, this study was conducted in order to 
determine and compare the diversity and abundance of Hymenopteran parasitoids in coastal and inland forest 
of Perhentian Island. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The research was conducted at Pulau Perhentian Besar, Besut, Terengganu and located about 20 km (10 nautical 
miles) from the north-eastern coast of West Malaysia with the maximum elevation is 70 m above sea level (asl). 
The samplings were carried out at two different forest types namely the coastal forest viz. 1 to 30 m asl (Plot A) 
and the inland forest viz. 50 to 70 m asl (Plot B). Plot A located near the beach and resort whilst Plot B located 
in the forest and away from the beaches and resorts. Each plot consists of three sampling points. 
 
Sampling method  
 
Six Malaise traps (2 m x 1.7 m x 1.2 m) modifications of  Townes (1972) design were used and installed randomly 
at two plot areas. Malaise trap was chosen as it is well suited for collecting small and low flying insects such as 
hymenopteran parasitoids (Noyes, 1989). The traps were placed on the ground of the forest for each sampling 
point of coastal forest and inland forest. The traps were left in the forest for seven days maximum. On the 
seventh days, the samples were collected and preserved in the white bottles containing 70 % ethanol and brought 
to the laboratory for further identification process. 
 
Parasitoids identification 
 
The insect samples were brought to the Laboratory of Entomology, Faculty of Bioresources and Food Industry, 
Universiti Sultan Zainal Abidin (UniSZA) for the identification process. Insect identification (i.e. parasitoids 
only) was done by sorting, identifying and enumerating from order up to family level. All specimens were 
identified under stereoscopy microscope (Olympus SZ51, Japan) based on their morphological and physical 
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characteristic by Goulet and Huber (1993). The number of individuals per family from different plots was 
recorded.  
 
Data analysis 
 
T-test analysis was conducted to compare the Hymenopteran parasitoids abundance between two different plots 
which were coastal forest and inland forest. Kruskal-Wallis analysis was used to analyze the abundance of 
Hymenopteran parasitoids between different families. Both T-test and Kruskal-Wallis were analyzed using 
Minitab software version 2018. Analysis of the parasitoid’s diversity, richness and evenness were done by the 
Shannon-Weiner Diversity Index, and Margalef’s Richness Index using Bio-Dap software. 
 
 
RESULTS AND DISCUSSION 
 
Comparison of the abundance Hymenopteran parasitoids in two plots 
 
Overall, there was 25 number of individuals Hymenopteran parasitoids consisted of 10 families recorded in 
Perhentian Island. The number of individuals Hymenopteran parasitoids obtained according to plots was not 
significantly different (p > 0.05) (Table 1). 
 
Table 1. The abundance of Hymenopteran parasitoids at different forest plots of Perhentian Island. 
Plot Mean ±SE Total Percentage (%) 
Coastal Forest 3.33±1.50a 10 40 
Inland Forest 5.00±3.10a 15 60 
 Total 25 100 
Mean with the same letters in different columns are not significantly different (p > 0.05) 
 
Based on Table 1, the number of Hymenopteran parasitoids obtained from the coastal forest was less than the 
inland forest of Perhentian Island. Although there was no significant difference (p > 0.05) of Hymenopteran 
parasitoids collected between both plots, the inland forest recorded slightly a higher number of Hymenopteran 
parasitoids (15 individuals) than a coastal forest (10 individuals). From this research, the highest altitude 
recorded was 70 m above sea level (a.s.l) and this is considered as low altitude. This result is inline with Rabibah 
et al. (2018) which they stated that the lower altitude (< 500 m) showed the highest number of individuals and 
species of Hymenopteran parasitoids and the higher altitude (>1000 m) showed the lowest number individuals 
and species of Hymenopteran parasitoids. The lower altitude is said to have denser and more varied vegetation 
(Adam et al., 2011; Barbieri Junior & Dias, 2012) and generally more abundant insect species groups (Lessard 
et al., 2011; Nufio et al., 2010; Sanders & Rahbek, 2012). Vegetation covers are strongly associated with insect 
accumulation, thus attracting various host insects for Hymenopteran parasitoids (Campan and Benrey, 2004; 
Sperber et al., 2004). Moreover, species of insects are less rich as the altitude increases because higher altitudes 
have limitation in host plants that more adaptive and specific plant, lower habitat niches and deficiency of food 
sources (Lomolino, 2001; McCain & Grytnes, 2010). The abilities of parasitoids differ in their surviving period 
based on the availability of hosts (Eitam et al., 2004).  
 
Total abundance of Hymenopteran parasitoids families 
 
Table 2 shows the abundance of Hymenopteran parasitoids families collected from Perhentian Island. Overall, 
there were 10 families consisted of 25 number of individuals Hymenopteran parasitoids recorded in Perhentian 
Island for both plots. There was no significantly different  (p > 0.05) of the number of individuals of parasitoids 
families obtained by Kruskal-Wallis test. 
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Table 2. The abundance of different Hymenopteran parasitoids families of Perhentian Island. 
Family Mean±SE Total Percentage (%) 
Braconidae 1.17±0.48a 8 32 
Ceraphronidae 1.00±0.82a 6 24 
Eucoilidae 0.17±0.17a 1 4 
Eurytomidae 0.17±0.17a 1 4 
Figitidae 0.33±0.21a 2 8 
Mymaridae 0.17±0.17a 1 4 
Platygastridae 0.17±0.17a 1 4 
Scelionidae 0.33±0.21a 2 8 
Tanaostigmatidae 0.17±0.17a 1 4 
Trichogrammatidae 0.33±0.33a 2 8 
 Total 25 100 
Means with the same letters in different columns are not significantly different (p>0.05) 
 
From the results in Table 2, Braconidae family was recorded the highest number of individuals with 8 individuals 
and followed by Ceraphronidae (6 individuals). Whilst, family of Figitidae, Scelionidae and Trichogrammatidae 
represented by 2 individuals, respectively. On the other hand, there were five families represented by a single 
individual and they were Eucoilidae, Eurytomidae, Mymaridae, Platygastridae and Tanaostigmatidae. However, 
there was no significant difference (p > 0.05) of the abundance of Hymenopteran parasitoids between different 
families. This might be due to the higher adaptation of Hymenopteran parasitoids in habitat and environmental 
conditions. This is because the parasitoids can utilize hosts in a variety of ways to support the development of 
their progeny (Vincent et al., 2009).  
 
The Braconid wasps is a large group of hymenopteran parasitoids with more than 15,000 species distributed 
throughout the world (Hanson & Gauld, 2006; Quicke, 2014). It tend to have a specific range of hosts 
specialized by biological and behavioral adaptation (Janzen et al., 2003). According to Idris et al. (2001b), 
Braconidae is a generalist parasitoid, and most probably they have high numbers of insect hosts species available. 
The most common insect hosts for Braconidae are the larvae of Lepidoptera, Coleoptera and Diptera 
(Tripplehorn & Johnson, 2005). In addition, Braconidae is also very sensitive to environmental disturbances 
which makes them good indicators of diversity and environmental stability (Shaw & Hochberg, 2001). 
Therefore, diminish it’s host population will negatively affecting the Braconidae population as the habitat area 
becomes undersized and more disturbed (Bobo et al., 2006; Malmivaara et al., 2002; Roy et al., 2001).  
 
Hymenopteran parasitoids diversity 
 
Table 3 shows the diversity, richness and, evenness of overall Hymenopteran parasitoids collected in Perhentian 
Island coastal and inland forest. The highest diversity of Hymenopteran parasitoids recorded was from the 
coastal forest at the value of H’=2.03 compared to the inland forest at the value of H’=1.17. As for the evenness, 
the coastal forest recorded higher (E’’=3.37) Hymenopteran parasitoids than the inland forest (E’=2.16). 
Similarly, the richness of the parasitoids for the coastal forest also higher at R’=0.98 than the inland forest at 
R’=0.84. 
 
Species diversity is influenced by the combination of two important factors which are the species evenness (E’) 
and species richness (R’) (Pielou,1975). Typical values are generally between 1.5 and 3.5 in most ecological 
studies, and the index is rarely greater than 4 (Kerkhoff, 2010). The evenness range was 0<E<1 (Thukral, 2017). 
The Shannon index increases as both the richness and the evenness of the community increase (Kerkhoff, 
2010).  
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Table 3. Shannon-Weiner Diversity Index, Evenness Index and Margalef’s Richness Index of Hymenopteran 
parasitoids at Perhentian Island forest. 
Index Coastal forest Inland Forest 
Diversity (H’) 2.03 1.17 
Richness (R’) 3.37 2.16 
Evenness (E’) 0.98 0.84 
 
Higher diversity in the coastal forest than in the inland forest is expected as availability of life support resources 
(insect hosts and food/nectar sources). This may attribute to the abundance of insect hosts and food sources 
that important for the life and reproduction of most Hymenopteran parasitoids such as Ichneumonids and 
Braconids (Jervis & Kidd, 1996; Jervis et al,1993). However, Hymenopteran parasitoids can travel several 
kilometers, and sometimes even further than their host (Godfray, 1994). Besides, this result might be due to the 
type and distribution of vegetation (Nurul et al., 2015).  
 
Pulau Perhentian Besar is made up of virgin forests with the timber family, Dipterocarpaceae species such as 
Dipterocarpus and Shorea occupying the forests (Pesiu et al., 2017). Achterberg et al. (2009), stated that several 
Shorea species and one Dipterocarpus species (Dipterocarpaceae) are the host plant for Hymenopteran parasitoids. 
Thus, current study by Fara Nazuha (2019) showed that less number of trees were recorded in inland forest 
compared to coastal forest of Perhentian island to provide shelter or host for insects particularly for parasitoids. 
 
 
CONCLUSION 
 
As a conclusion, the abundance of Hymeopteran parasitoids was not significantly different between the coastal 
and inland forest of Perhentian Island might be due to a small range of the elevation of the forest. Nonetheless, 
the Hymenopteran parasitoids diversity of coastal forest was relatively higher than inland forest of Perhentian 
Island. Braconidae was the most common parasitoid family found in Perhentian Island forest followed by 
Ceraphronidae family. They are functionally important for the well-being of the ecosystem. This study provides 
basic information on the abundance and diversity of Hymenopteran parasitoids at Perhentian Island. The data 
observed can be used for further ecological research at Perhentian Island in future. 
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